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Field of the Invention 

The present invention relates to the use of thioxanlJiine derivatives as inhibitors of the 
enzyme myeloperoxidase (MPO). Certain novel thioxanthine derivatives are also disclosed 
together with processes for their preparation, compositions containing them and flieir use 
in therapy. 

Background of the Invention 

Myeloperoxidase (MPO) is a hcane- containing enzyme found predominantly in 
polymorphonuclear leukocytes (PMNs). MPO is one member of a diverse protein family of 
mammalian peroxidases that also includes eosinophil peroxidase, thyroid peroxidase, 
sahvaiy peroxidase, lactoperoxidase, prostaglandin H synthase, and others. The mature 
enzyme is a dimer of identical halves. Each half molecule contains a covalently bound 
heme that exhibits unusual spectral properties responsible for the characteristic green 
colour of MPO. Cleavage of the disulphide bridge linking the two halves of MPO yields 
the hemi-enzyme that exhibits spectral and catalytic properties indistinguishable from 
those of the intact enzyme. The enzyme uses hydrogen peroxide to oxidize chloride to 
hypochlorous acid. Other halides and pseudohalides (like thiocyanate) are also 
physiological substrates to MPO. 

PMNs are of particular importance for combating infections. These cells contain MPO, 
with well documented microbicidal action. PMNs act non-specifically by phagocytosis to 
engulf microorganisms, incorporate than into vacuoles, termed phagosomes, which &se 
with granules containmg myeloperoxidase to form phagolysosomes. In phagolysosomes 
the enzymatic activity of the myeloperoxidase leads to the formation of hypochlorous acid, 
a potent bactericidal compound-Hypochlorous acid is oxidizing in itself, and reacts most 
avidly with thiols and thioelhers, but also converts amines into chloramines, and 
chlorinates aromatic amino acids. Macrophages are large phagocytic cells which, like 
PMNs, are capable of phagocytosing microorganisms. Macrophages can generate 
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hydrogen peroxide and upon activation also produce myeloperoxidase. MPO and hydrogen 
peroxide can also be released to the outside of the cells where the reaction with chloride 
can induce damage to adjacent tissue. 

Linkage of myeloperoxidase activity to disease has been implicated in neurolo^cal 
diseases with a neuroinflammatory response including multiple sclerosis, Alzheimer's 
disease, Parkinson's disease and stroke as well as other inflammatory diseases or 
conditions like asthma, chronic obstructive pulmonary disease, cystic fibrosis, 
a&erosclerosis, inflanmiatoiy bowel disease, renal glomerular damage and rheumatoid 
arthritis. Lung cancer has also been suggested to be associated with high MPO levels. 

WO 01/85146 discloses various compounds tiiat are MPO inhibitors and are thereby useful 
in the treatment of chronic obstructive puhnonary disease (COPD). 3-nrPropyl-2- 
thioxanthine is disclosed in Drug Development Research, 1999, 47. 45-53. 3-Isobutyl-6. 
thioxanlhine is disclosed in J. Chem. Soc, 1962, 1863. 2-Thioxanthine is commercially 
available. 

The present invention relates to a group of thioxanthine derivatives that suiprisingly 
display useful properties as inhibitors of the enzyme MPO. 

Disclosure of the invention 

According to the present invention, there is provided the use of a conq)ound of formula (la) 
or (lb) 




or 




(la) 



(lb) 
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wherein: 

one of X and Y r^resents S, and the other r^resents O or S; 
represents hydrogen or CI to 6 alkyl; 

represents hydrogen or CI to 6 alkyl; said alkyl group being optionally substituted by: 
i) a saturated or partially unsaturated 3- to 7-membered ring optionally incorporating one 
or two heteroatoms selected independently from O, N and S, and optionally incorporating a 
carbonyl group; said ring being optionally substituted by one or more substituents selected 
from halogen, hydroxy, CI to 6 alkoxy and CI. to 6 alkyl; said alkyl being optionally 
ftirther substituted by hydroxy or CI to 6 alkoxy; or 
n) CI to 6 alkoxy; or 

iii) an aromatic ring selected from phenyl, foxyl or thienyl; said aromatic ring being 
optionally further substituted by halogen, CI to 6 alkyl or CI to 6 alkoxy; 
R^ and r"* independently represent hydrogen or CI to 6 alkyl; 

or a pharmaceutically acceptable salt thereof, m the manufacture of a medicament, for the 
treatment or prophylaxis of diseases or conditions in which inhibition of Ihe enzyme MPO 
is beneficial. 

The compounds of formula (la) or (lb) may exist in enantiomeric forms. Therefore, all 
enantiomers, diastereomers, racemates and mixtures fliereof are included within the scope of 
the invention. 

It will be appreciated that when R^ in formulae (la) and (lb) represents hydrogen, the two 
alternative representations (la) and (lb) are tautomeric forms of the same compound. All 
such tautomers and mixtures of tautomers are included within the scope of the present 
invention. 

A more particular aspect of the invention provides Ihe use of a compound of formula (la) 
or (lb), or a pharmaceutically acceptable salt thereof, in the manufecture of a medicament, 
for the treatment or prophylaxis of neuroinflammatory disorders. 
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Acco*«tt.*einvcmion.ther.isalsopn,videdam«hodof«atog.orredu^^^ 
of dis«»«oro<mditions in v*ichhaubi«oaoffl»e,«ym.MPO is beneficial wh.ch 
cJ^risesadndms.eri„g»apcrsonsufi«ngftom«a.riskof.saidd^ 
a fcerapeuticany effective amount rf a con^nnd of &nn»la W or (lb), or a 
phannaceuticaUy acceptable salt Siereof 

More p^ticoWy. *er. is also provided a me&od of bating, or reducing fte risk of. 
ne«roinlUmma«>ry di^ in a person sufiering from or at risk of. said disease or 
condidon, wherein fl« mettK,d comprises administering u. fl« person a therapeuUcaUy 
effective amount of a compound of formula (la) or (lb), or apbannaceutically acceptable 

salt tiiereof. 

S> anofcer aspect lie invention provides a pharmaceutical fbm.ulation comprising a 
therapeuticany effective amount of acompound of formula (la) or (lb), or a 
pharmaceurically acceptable salt hereof, in admixmre vath a pharmaceuticaUy accep^le 
adjuvant, diluent or carrier, for use in «.e t^atment or prophyla:ds of diseases or cond.nons 
in which inhibition of (he enzyme MPO is beneficiaL 

m another more particular aspect the invention provides a pharmaceutical fbmulation 
con^sing a therapeuttcaUy effective amount of a compound of formula (la) or (lb), or a 
pharmaceuticaUy acceptable salt thereof in admixt^ wi* a phannaceuticaUy acceptable 
adjuvant, diluent or carrier, for use in the treatment or prophylaxis of noninflammatory 

disorders. 

m one ^nhodunent. there is provided the use of a compound of fonnula (la) or (lb) wherein 
at least one of X and Y represents S, and the other represents O or S; R represents 
hydrogen or CI to 6 alkyl; 1^ represents hy<hog« or CI to 6 alkyl; said alkyl group being 
optionally substituted by 03 to 7 cycloalkyl, Clto 4 alkoxy, or an aromatic ring selected 
from phenyl, flaryl or flnenyl; said aromatic ring being option^ly substintted by 
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halogen, CI to 4 alkyl or CI to 4 alkoxy; and R* independently represent hydrogen or 
CI to 6 alkyl; or a phaimaceutically acceptable salt, enantiomer or racemate thereof, in the 
manufecture of a medicament, for the treatment or prophylaxis of diseases or conditions in 
which inhibition of the enzyme MPO is beneficial. 

In another embodiment, there is provided the use of a compound of formula (la) or (lb) 
wherein at least one of X and Y represents S, and the other represents O or S; R 
represents hydrogen or CI to 6 alkyl; R^ represents hydrogen or CI to 6 alkyl; said alkyl 
groi^ being optionally substituted by: i). a saturated or partiaUy unsaturated 3- to 7- 
membered ring optionally incorporating one or two heteroatoms selected mdependently 
ftom O, N and S, and optionally incorporating a caibonyl group; said ring being optionally 
substituted by one or more substituents selected firom halogen, hydroxy, CI to 6 alkoxy 
and CI to 6 alkyl; said alkyl being optionally further substituted by hydroxy or CI to 4 
alkoxy; or ii) CI to 4 alkoxy; or iii) an aromatic ring selected from phenyl, fiiryl or 
thienyl; said aromatic ring being optionally further substituted by halogen, CI to 4 alkyl or 
CI to 4 alkoxy; R^ and R* independently represent hydrogpn or CI to 6 alkyl; or a 
pharmaceutically acceptable salt thereof, in the manufecture of a medicament, for the 
treatment or prophylaxis of diseases or conditions in which inhibition of the enzyme MPO 
is beneficial. 

In one embodiment, the invention relates to the use of compounds of formula (la) or (lb) 
wherein X represents S and Y represents O. 

In another embodiment, R^ in formula (la) or (lb) represents hydrogen. 

In another embodunent, R^ in formula (la) or (lb) represents optionally substituted CI to 6 
alkyl. 

In another embodiment, R^ in formula (La) or (lb) represents CI to 6 alkyl substituted by a 
saturated or partially unsaturated 3- to 7-membered ring optionally incorporating one or 
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two heteroatoms selected independently from O, N and S, and optionaUy incoiporating a 
caibonyl group; said ring being optionaUy substituted by one or more substituents selected 
from halogen, hydroxy, CI to 6 alkoxy and CI to 6 alkyl; said alkyl being optionally 
fiirther substituted by hydroxy or CI to 6 aJkoxy. 

In amther embodiment. in formula (la) or (lb) represents methylene, ethylene or 
trimethylene substituted by cyclopropyl, cyclohexyl, tetrahydrofiiranyl or morpholinyl. 

In another embodim«it, in formula (la) or (lb) represents CI to 6 alkyl substituted by 
CI to 6 alkoxy. 

In another embodiment, R^ in fomiula (la) or (lb) represents ethylene or trimethylene 
substituted by methoxy or ethoxy. 

When X represents S and Y represents O, a fturther embodiment conqprises compounds of 
formula (la) or (lb) wherein R^ represents hydrogen. 

When X represents S and Y represents O, a yet further embodunent comprises compounds 
of foraiula (la) or (lb) wherein r"* represents hydrogen. 

When X represents O and Y represents S. a further embodiment comprises compounds of 
formula (la) or (lb) wherein R^ represents CI to 6 alkyL 

When X represents O and Y represents S, a yet further embodiment comprises compounds 
of fonnula (la) or (lb) wherein r"* represents CI to 6 alkyl. 

In one embodiment, the invention relates to the use of conpounds of formula (la) or (lb) 
wherein X represents S and Y represents O; represents optionally substituted CI to 6 
alkyl; and b} , R^ and r"^ each represent hydrogen. 
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In one embodiment, the invention relates to the use of compounds of fonnula (Jz) or (lb) 
wherein X represents S and Y represents O; represents CI to 6 alkyl substituted by a 
saturated or partially unsaturated 3- to 7-membered ring optionally incorporating one or 
two heteroatoms selected independently from O, N and S, and optionally incorporating a 
carbonyl group; said ring being optionaUy substituted by one or more substituents selected 
from halogen, hydroxy, CI to 6 alkoxy and CI to 6 alkyl; said alkyl being optionally 
further substituted by hydroxy or CI to 6 alkoxy; and r\ R^nd R each represent 
hydrograi. 

In one embodiment, the invention relates to the use of compounds of fonnula Qz) or (lb) 
wherein X represents S and Y represents O; R^ represents CI to 6 alkyl substituted by CI 
to 6 alkoxy; and r\ R^and r'^ each represent hydrogen. 

A specific aspect of tiie invention concerns the use of the following compounds of formula 
(la) or (lb): 

1 ,3-diisobutyl- 8-methyl-6-thioxanthine; 
l,3-dibutyl-8-methylr6-thioxanthme; 
3-isobutyl- 1 ,8-dimethyl-6-thioxanthine; 
3-(2-methylbutyl)-6-thioxanthine ; 
3-isobutyl-8-methyl-6-thioxanthine; 

3-isobutyl-2-thioxanthine; 

3-isobutylr2,6-dithioxanthine; 

3-isobutyl-8-methyl-2-thioxanthine; 

3-isobutylr7-methyl-2-thioxanthine; 

3-cyclohracylmethyl-2-thioxanthine; 

3-(3-methoxypropyl)-2-thioxan1hine; 

3-cyclopropyhnetliylr2-thioxanti3ine; 

3-isobutyl- 1 -methyl- 2-thioxanthine; 
3-(2-tetrahydrofuryl-methyl)-2-thioxanthine; 

3-(2-metiioxy-ethyl)-2-thioxanthine; 
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3-(3-(l-moipholinyl)-propyl>2-thioxaiithine; 

3-(2-furyl-methyl)-2-thioxanthme; 

3-(4-methoxybenzyl)-2-thioxantliine; 

3-(4-fluoroben2yl)-2-thioxanthine; 
5 3-phenethyl-2-thioxaiithine; 

(+)-3-(2-tetrahydrofuiyl-me1hyl)-2-fhioxan1hine; 

(-)-3-(2-tetiahydrofuiyl-me1iiyl)-2-Moxanthine; 

3-nrbulyl-2-thioxanthine; 

3-nrpropyl-2-tiiioxanthine; . 
10 3-isobutyl-6-thioxanthine; 

2-thioxanthine; 

andpharmaceutically acceptable salts thereof. 

Unless otherwise indicated, the term "CI to 6 alkyl" referred to herein denotes a straight or 
15 branched chain alkyl group having from 1 to 6 carbon atoms. Examples of such groiq)s 
include methyl, ethyl, 1-propyl, n-butyl, iso-butyl, tert-butyl, pentyl and hexyl. 



WO 03/089430 



The term "CI to 4 alkyl" is to be interpreted analogously. 

20 Unless otherwise indicated, the term "C3 to 7 cycloalkyl" referred to herein denotes a 
cycUc alkyl group having from 3 to 7 carbon atoms. Examples of such groiq)S include 
cyclopropyl, cyclopentyl and cyclohexyl. 

Unless otherwise indicated, the term "CI to 6 alkoxy" referred to herein denotes a strai^t 
25 or branched chain alkoxy group having from 1 to 6 carbon atoms. Examples of such groups 
include mefhoxy, ethoxy, 1-propoxy, 2-propoxy and tert-butoxy. 



The term "CI to 4 alkoxy" is to be interpreted analogously. 



30 
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Unless otherwise indicated, the tenn "halogen" referred to herein denotes fluoro, chloro, 
bromo and iodo. 

Examples of a saturated or partially unsaturated 3- to 7-membered ring optionally 
incorporating one or two heteroatoms selected independently from O, N and S, and 
optionally incorporating a caibonyl group include cyclopropyl, cyclopentyl, cyclohexyl, 
cyclopentanone, tetrahydrofinan, pyrrolidine, piperidine, moipholine, piperazine, 
pyiTolidinone and piperidinone. Particular examples include cyclopropyl, cyclohexyl, 
tetrahydrofuranyl (tetrahydrofuiyl) and morpholinyl. 

Certain compounds of formula (la) or (lb) are novel. Therefore a further aspect of fee 
invention provides the following novel compounds of formula (la) or (lb) 




T II W 



(la) 



r2 r 



(lb) 



3 



wherein: 

X represents S, and Y represents O; 
represents hydrogen or CI to 6 alkyl; 

represents CI to 6 alkyl substituted by a saturated or partially unsaturated 3- to 7- 
membered ring optionally incorporating one or two heteroatoms selected independently 
from O, N and S, and optionally incorporating a carbonyl group; said ring being optionally 
substituted by one or more substituents sefected from halogen, hydroxy, CI to 6 alkoxy 
and CI to 6 alkyl; said alkyl being optionally ftirfher substituted by hydroxy or CI to 6 
alkoxy; 

R^ and r"^ independently represent hydrogen or CI to 6 alkyl; 
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and pharmaceutically acceptable salts thereof. 

A forlher aspect of the invention provides the following novel compounds of formula (la) 
or (lb): 

1 ,3-diisobutyl-8-methyl-6-thioxanthine; 

1 ,3-dibutyl-8-melhylr6-thioxanthine; 

3-isobuiylr 1 ,8-dimethyl-6-thioxanthine; 

3-(2-metiiylbutyl)-6-thioxanthine; 

3-isobutyl-8-methyl-6-thioxanthine; 

3-isobutylr2-thioxanthine; 

3-isobutyl-2,6-dithioxanthine; 

3-isobutyl-8-methyl-2-thioxanthine; 

3-isobutyl-7-methyl-2-tMoxanthine; 

3-cyclohexylmethyl-2-thioxanthine; 

3-(3-methoxyprqpyl)-2-thioxanthine; 

3-cyclopropylmethyl-2-thioxanthine; 

3-isobutyl- 1 -methyl-2-thioxanthine; 

3-(2-tetrahydrofuiyl- methyl)-2-thioxanthme; 

3-(2-methoxy-ethyl)-2-thioxanthine; 

3-(3-(l-morpholinyl)-propyl>2-thioxanthine; 

3-(2-fuiyl-methyl)-2-thioxanthine; 

3-(4-methoxybOTzyl>2-tMoxan1hine; 

3-(4-fluorobenzyl)-2-thioxantbine; 

3-phenethyl-2-thioxan1hine; 

(+)-3-(2-tetrahydrofuryl-methyl)-2-thioxanthine; 

(-)-3-(2-tetrahydrofiirylrmethyl)-2-thioxanthine; 

3-n-butyl-2-thioxanthine; 

and pharmaceutically acceptable salts thereof. 
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A further aspect of the invention is tte use of the novel compounds of fonnula (la) or (lb) 
as a medicament 

According to the invention, we further provide a process for the preparation of the novel 
compounds of formula (la) or (lb), or a phaxmaceuticaUy acceptable salt, enantiomer, 
diastra-eomer or racemate thereof which comprises: 
(a) reaction of a compound of formula (Ha) or (lib) 

Y 




or 



(lla) 



^2 R 

(lib) 



wherein , I?, and R^^ are as defined in formula (Ir) or (lb), X represents O or S and 

Y represents O; 

with a sulphurising compound such as Lawesson's reagent or phosphorus pentasulphide; 
to give a corresponding compound wherein Y represents S; or 

(b) reaction of a diamine of fonnula (DIa) or (Hlb) 




(Illb) 
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wherein r\ R^, R^, X and Y are as defined in formula (la) or (lb); 
with formic acid or with a trialkylorthoesten 

and where necessaiy converting the resultant compound of fomiula (la) or (lb), or ano&er salt 
thereof, into a phaimaceutically acceptable salt thereof; or converting the resultant compound 
of formula (la) or (lb) into a furflier compound of formula ga) or (lb); and where desired 
converting the resultant conqpound of fomiula (la) or (lb) into an optical isomer thereof 

In process (a), a compound of formula (Ha) or (lib) and a sulforising agent such as 
Lawesson's reagent, or phosphorus pentasulfide are dissolved or suspended in a suitable 
dry organic solvent such as benzene, toluene, xylene, tetrahydroforan, dichloromethane or 
dioxane and then heated to between 30 °C and the reflux temperature of the solvent until 
reaction is complete, typically for between one to 30 hours. The reaction nnxture is then 
cooled and filtered to remove insoluble soUds. Ihe solvent is removed under reduced 
pressure and the cmde product is purified by column chromatogr^hy or by 
recrystalhsation. 

In process (b). a diamine of fomiula (Ola) or (Bttb) is treated at a suitable tmipeiature with an 
excess of an appropriate orlho ester such as triethylorthofotmate, trielhylorthoacetate, 
trielhylorthopropionate, triethylorfhobutanoate, tripropylorlhoformate. tributylorthoformate 
and triisopropylorthoformate, optionally in the presence of a suitable solvent such as an 
alcohol, untU reaction is complete. The temperature is typically up to the reflux 
tenqperature of the reaction mixture, and reaction times are generally firom 30 minutes to 
overnight In one embodiment, the orthoester is triethylorfhoformate with ethanol as an 
optional solvent. 

Alternatively in process (b), a diamine of fomiula (ffla) or (mb) is treated wi&98% formic 
acid at a suitable temperature between ambient temperature and the reflux temperature of 
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the reaction mixture. The process is continued for a suitable period of time, typically for 
between 0.5 to 5 hours. After removal of the formic acid, treatinent witii a suitable aqueous 
base, for example, with 10% aqueous sodium hydroxide solution, then yields the 
compound of formula The tireatment with base is carried out for a suitable time at a 
suitable temperature, for example, for about 10 minutes to 4 hours at a temperatiire 
between ambient temperature and the reflux temperature of the reaction mixtiire. 

Oflier mefliods for ti»e conversion of a diamine of formula (ma) or (mb) into a compound of 
fomiula (la) or (lb) are described in the literature and wiU be readily known to the person 
skilled in the art 

The present invention includes compounds of formula (la) or (lb) in the form of salts, in 
particular acid addition salts. Suitable salts include those formed witii botii organic and 
inorganic acids. Such acid addition salts will normally be pharmaceuticaUy acceptable 
although salts of non-pharmaceutically acceptable acids may be of utiUty in tiie preparation 
and purification of the compound in question. Thus, preferred salts include those formed 
from hydrochloric, hydrobromic, sulphuric, phosphoric, citric, tartaric, lactic, pyruvic, 
acetic, succinic, fumaric. maleic, metiianesulphomc and benzenesulphonic acids. 

Salts of compounds of formula (la) or (lb) may be formed by reacting the free base, or a salt, 
enantiomerorracematethereof,withoneormoreequivalentsofflie^ropriateacid. The 

reaction may be carried out in a solvent or medium in which the salt is insoluble or in a 
solvent in which the salt is soluble, for example, water, dioxan, eftanol, tetrahydroforan or 
dielhyl ether, or a mixtiire of solvents, which may be removed in vacuo or by freeze drying. 
The reaction may also be a metathetical process or it may be carried out on an ion exchange 



resm. 



Compounds of formulae (Ha) or (lib) and compounds of formula (Hla) or (Elb) are either 
known in tiie literature or may be prepared using known metiiods tiiat will be readily 
apparent to the man skilled in the art. 
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Hie compounds of the invention and intennediates thereto may be isolated fiom their reaction 
mixtures and, if necessary further purified, by using standard techniques. 

The compounds of formula (la) or (lb) may exist in enantiomeric fonns. Therefiare, all 
enantiomers, diastereomers, racemates and mixtures thereof are included within the scope of 
the inveution. The various optical isomers may be isolated by sq)aration of a racemic 
mixture of the compounds using conventional techniques, for example, fractional 
crystalHsation, or HPLC. Alternatively, the various optical isomers may be prepared . directiy 
using optically active starting materials. 

Intermediate confounds may also exist in enantiomeric forms and may be used as purified 
eiuintiomers, diastereomers, racemates or mixtures. 

The compounds of formula (la) or (lb), and tiieir pharmaceutically acceptable salts are useful 
because they possess pharmacological activity as inhibitors of the enzyme MPO. 

The compounds of formulae (la) and (lb) and their phaimaceutically acceptable salts are 
indicated for use in the treatment or prophylaxis of diseases or conditions in which 
modulation of the activity of the enzyme myeloperoxidase (MPO) is desirable. In particular, 
linkage of MPO activity to disease has been impUcated in neuroinflammatory diseases. 
Therefore the compounds of the present invention are particularly indicated for use in fee 
treatinentof neuroinflammatory conditions or disorders in mammals includmg man. Such 
conditions or disorders will be readily apparent to die man skUled in the art. 

CoTKiitions or disorders tiiat may be specifically mentioned include multiple sclerosis, 
Alzheimer's disease, Parkinson's disease, amyotiophic lateral sclerosis and stiroke, as well 
as oflier inflammatory diseases or conditions such as astimia, chronic obstiiictive 
puhnonary disease, cystic fibrosis, idiopatiiic pulmonary fibrosis, acute respiratory distress 
syndrome, sinusitis, rhinitis, psoriasis, dermatitis, uveitis, gingivitis, atiierosclerosis. 



wo 03/089430 



PCT/SE03/00617 



15 

inflammatory bowel disease, renal glomerular damage, liver fibrosis, sepsis, proctitis, 
rheumatoid arthritis, and inflammation associated with reperfiision injury, spinal cord 
injury and tissue damage/scaning/adhesion/rejection. Lung cancer has also been suggested 
to be associated with high MPO levels. The compounds are also ejqpected to be usefijl in 
the treatment of pain. 

Prophylaxis is expected to be particularly relevant to the treatment of persons who have 
suffered a previous episode of, or are otherwise considered to be at increased risk of, the 
disease or condition in question. Prasons at risk of developing a particular disease or 
condition generally include those having a family history of the disease or condition, or 
those who have been identified by genetic testing or screening to be particularly 
susceptible to developing the disease or condition 

For the above mentioned therapeutic indications, tiie dosage administered will, of course, vary 
with the compound employed, the mode of administration and Ihe treatment desired. 
However, in general, satisfactory results are obtained when the compounds are administered 
at a dosage of the solid form of between 1 mg and 2000 mg per day. 

The compounds of formulae (la) or (lb), and pharmaceutically acceptable derivatives thereof, 
may be used on their own, or in the form of appropriate pharmaceutical compositions in 
which the confound or derivative is in admixture with a pharmaceutically acceptable 
adjuvant, diluent or carrier. Thus, anotiira- aspect of the invention concerns a pharmaceutical 
composition comprising a novel compound of formula (la) or (lb), or a pharmaceutically 
acceptable salt tiiereof, in admixture with a pharmaceutically acceptable adjuvant, diluent or 
carrier. Administiation may be by, but is not limited to, enteral (including oral, subhngual 
or rectal), intranasal, mhalation, intravenous, topical or other parenteral routes. 
Conventional procedures for the selection and preparation of suitable pharmaceutical 
formulations are described in, for example, "Pharmaceuticals - The Science of Dosage 
Form Designs", M. E. Aulton, ChurchiU Livingstone, 1988. The pharmaceutical 



wo 03/089430 



PCT/SE03/00617 



16 

con^osition preferably comprises less than 80% and more preferably less than 50% of a 
compound of formulae (la) or (lb), or a pharmaceutically acceptable salt thereof 

There is also provided a process for the preparation of such a pharmaceutical composition 
which comprises mixing the ingredients. 

The invention is illustrated, but in no way limited, by the following examples: 

and ' NMR spectra were recorded either on a 30Q MHz Bruker DPX instrument or on 
a Varian Unity 400 MHz spectrometer at 25 °C. The following reference signals were 
used: the middle line of DMSO-d6 5 39.5 ("C); DMS0-d6 5 2.50 (^H). All mass spectra 
were recorded on a Waters LCMS (2790) instrument. Thin layer chromatography (TLC) 
was performed on Merck TLC aluminium sheets silica gel 60 F254 pre- coated sheets (layer 
thickness 0.2 mm). Merck Silica gel 60 (0.063-0.200 mm) was used for column 
chromatography. HPLC analysis were performed on a Gynkotek P580 HPG, gradient 
pump with a Gynkotek UVD 170S UV-vis detector. Column; Waters symmetry C18, 5 
Jim, 3.9 X 150 mm. Preparative liquid chromatography was performed on a Gynkotek P580 
HPG, gradient pump with a Gynkotek UVD 170S XJV-vis detector. Column; Waters 
symmetry CIS, 5 |i.m, 19x100 mm. 

Starting materials were prepared according to the following references: 

1. Merlos, M.; Gomez, L.; Vericat, M. L.; Bartroli, J.; Garcia-Rafenell, J.; Fom, J.; 
Eur, J. Med.Chem. Chim. Ther.; 25; 8; 1990; 653-658. 

2. Kjellin, P. G.; Persson, C. G. A., BP 0 010 531. 

3. Katritzky, A. R.; Drewniak, M., Tet Lett. (1988), 29(15), 1755-1758. 

4. Van der Goot, H.; Schepers, M. I P.; Sterk, G. I; Timmerman, H., Eur. J. Med. 
Chem. (1992), 27 (5), 511-517. 
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Kvample 1 

1 .3-DiisobutYl-8-methvl-6-thioxanthine 

l,3-Diisobutyl-8-methyl-xan1hine' (0.20 g, 0.72 nnnol) and Lawesson's reagent (1 .5 g. 3.6 
mmol) were suspended in toluene (8 mL) and then heated at 100 °C for 21 h. The reaction 
mixture was cooled and filtered to remove insoluble soUds. The solvent was removed 
under reduced pressure and the crude product was purified by column chromatography 
using siUca gel and eluting with ethyl acetate/heptane (1:1) giving the title compound (90 
mg, 43 % yield). 

•h NMR (pUSO-de): 8 13.1 (s. IH), 4.28 (d, 2H, J 7.2 Hz), 3.84 (d. 2H, J7.5 Hz). 2.40 (s, 
3H), 2.28-2.35 (m. IH), 2.17-2.25 (m, IH), 0.85-0.88 (m, 12 H). 
MS (ES) 295 (M+1). 

Example 2 

1 .3-Dibutyl-8-methvl-6-tfaioxanthine 

1.3-EHbutyl-8-methyl-xanthine' (0.20 g, 0.72 mmol) and Lawesson's reagent (0.87 g, 2.2 
mmol) were suspended in toluene (8 mL) and heated at 120 "C for 30 h. The resulting 
brown mixture was cooled and the solvent ev^orated under reduced pressure. The 
brownish sohd residue was suspended in 10% sodium hydroxide (25 mL) and stirred 
overnight Ilien the pH of the solution was adjusted to pH 4 with 10% acetic acid. The 
precipitate was collected by filtration and washed with water. This crude product was 
purified by column chromatography using silica gel and elution with ethyl acetate/heptane 
(9:1) giving the title compound (0.15 g, 69% yield). 



iHNMR(pMSO-d6):6 13.1 (s, IH), 4.40 (t, 2H, J7.6 Hz). 3.99 (t. 2H./7.3 Hz), 2.40 (s. 
3H), 1.57-1.69 (m. 4H). 1.28-1.35 (m, 4H), 0.88-0.93 (m, 6H). 
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'3CNMR(DMSO.d6):5 173.5. 154.2, 148.9. 143.2, 118.9,45.61.43.13,29.24,28.37, 
19.51, 19.31, 14.42, 13.60. 
MS(ES)'"/i295 (M+l). 



Example 3 



^-Isobutvlr 1 , «-HiTnethvl- 6-thioxantbme 

S-Isobutyl-l.S-dimethyl-xanthine? (0.150 g, 6.35 mmol, 1.0 eq.) and Lawessan's reagent 
(0.128 g. 3.17 nunol, 0.5 eq.) were dissolved in toluene (10 mL) and the reaction mixture 
was heated to reflux for 3.5 h. The conversion was less than 10% according to HPLC. 
Lawesson's reagent (0.5 g) was added and the reaction mixture was heated to reflux 
overnight The solvent was evaporated off and the remaining brown soUd was purified by 
preparative HPLC to give the title compound (78 mg, 49%). 

•H NMR (DMS0-d6): 5 13.16 (s, IH). 3.92 (d. 2H), 3.77 (s, 3 H). 2.50 (s, 3H), 2.35 (m, 
IH), 0.97 (d, 6H). 



Example 4 



3-f2-Methvlbutvl^-6-f hir>vaTitbiTie 

3.(2-Methylbutyl)-xanthine2 (3 g, 0.013 mol) and phosphorus pentasulfide (5 g. 0.025 mol) 
in dioxane (250 mL) were refluxed for 3 h. Ahnost 150 mL dioxane was distilled off and 
the solution was cooled down. Water (100 mL) was added and the mixture was stirred at 
room temperature for 2 k 2N Sodium hydroxide (75 mL) was added, the solution was 
filtered and neutralized with 5N hydrochloric acid. The crude crystals were filtered off and 
recrystalUsed from ethanol to yield the title compound (1.6 g, 51%). 



10 



IS 



20 
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'HNMR(DMSO-d6): 8 13.53 (s. IH), 12.32 (s. IH), 8.11 (s. IH), 3.85 (dd, lH.^/13.1 
Hz, V7.1 Hz). 3.78 (dd, IH. V 13.1 Hz. VS.l Hz), 2.00 (m, IH). 1.36 (m. IH). 1.14 (m. 
IH). 0.87 (t, 3H, J7.6). 0.82 (d. 3H. J 6.6). 

'3CNMR(DMSO-d6): 5 175.11. 149.19. 145.73. 143.62. 118.32.48.11.32.93.26.40. 
16.57. 11.05. 

Exaniple 5 

3-Isobutvlr8-metb.vl-6-thioxanihine 

3-Isobutyl-8-methy]-xanthine2 (4 5 o.02 mol) and phosphorus pentasulfide (8 g. 0.04 
mol) in dioxane (400 niL) were refluxed for 5 h. Ahnost 200 mL dioxane was distilled off 
and the solution was cooled down. Water (250 mL) was added and the mixture was stirred 
at room temperature for 2 h. 2N Sodium hydroxide (150 mL) was added, the solution was 
filtered and neutralized with 5N hydrochloric acid, and the solution was left overnight. Ilie 
crude crystals were filtered off and washed with water, giving the required product 
( 4.3 g). A portion (2.3 g) was recrystaUised trom acetic acid to give pure product (1.5 g. 
31% overall). 

>HNMR (DMSO-dfi): 5 13.13 (s. IH), 12.16 (s, IH), 3.77 (d, 2H, J 8.1 Hz). 2.38 (s, 3H), 
2.20 (m, IH), 0.86 (d, 3H, 77.1). 

''C NMR (DMSO-d6): 8 173.19, 154.23, 149.14, 146.1 1. 1 18.56, 49.29, 26.63, 19.73. 
14.54. 

Rxamnle 6 

^-TRnhutvl-2-thioxanthine 



/;.ATnmo-l-isobutvl-2-thiQxo-2.3-d i>»Ydro-lH-PVTimidin-4-ane 
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Isobutylthiourea^ (3.8 g. 29 nimol) and ethyl cyanoacetate (3.9 g, 34 mmol) were added to 
a solution of sodium ethoxide [made from sodium (0.72 g. 32 mmol) and absolute ethanol 
(30 mL)]. "Die resulting mixture was refluxed for 4 h. After cooling to room temperature, 
the solvent was ev^orated under reduced pressure. 10% Acetic acid (45 mL) was added to 
the viscous syrup. Hie resulting precipitate was coUected by filtration and the soUd was 
washed with water. Recrystallisation from methanoVwater gave the desired product (4.0 g, 
70%). 

'H NMR (DMS0-d6): 5 1 1.8 (s, IH), 6.99 (s, 2H), 4.85 (m. 2H), 4.61 (broad s, IH), 2.29 

(m, IH), 0.87 (d, 6H, J6.6 Hz). 

MS(ES)'"/z200(M+l). 

fi-A.T.mn-1-isohutvl-5-nitrnso-2-thioxo-2. 3 - dihvdro-lH -pyrimidii>-4-one 
6-Amino-l-isobutyl-2-thioxo-2.3-dihydro-lH-pyrimidin.4-one (1.0 g. 5.0 mmol) was 
suspended in 10% acetic acid (20 mL). Sodium nilrite (0.38 g, 5.5 mmol) was added and 
the resulting mixture was heated at 75 for Ih. The reaction mixture became first pink 
and then purple. Tbe purple mixture was cooled to room temperature. Then water (20 mL) 
was added and the purple soUd was collected by filtration and washed with water to give 
the title compound (1 .1 g, 92% yield). This solid was used in the following step wilhout 
fiarther purification. 

•HNMR(DMS0-d6): 5 13.1 (broad s. IH), 12.8 (broad s. IH), 9.1 (broad s. lH), 4.80 
(broad s, IH), 3.78 (broad s, IH), 2,21 (m, IH), 0.88 (d, 6H, J6.3 Hz). 
MS (ES) '"/z 229 (M+1). 

c\ 5.6-Diamino-l-isobutvl-^ -t>iinvn-2.3-dihvdro-1H-Pvrimidmr4-one 
6-Amino-l-isobutyl.5-nitroso-2-1hiaxo-2,3-dihydro-lH-pyrimidin-4-one (1.1 g, 4.5 mmol) 
was suspended in 32% aqueous ammonia (10 mL) and water (10 mL) was added. Hris red 
mixture was heated at 75 °C. Sodium dilhionite was added in small portions. When 1.8 g 
(10 mmol) of dithionite had been added the colour of the solution had changed from red to 
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pale yellow. At this point, all soUd was dissolved. After heating for another 5 minutes a 
precipitate was formed in the solutioa The reaction mixture was removed from the oil bath 
and stirred at ambient tempwatiire for 45 minutes. The pH of the solution was adjusted to 
neutral pH with 10% acetic acid. The yellow precipitate was collected by filtration and 
washed with water and dried to yield the diamine (0.76 g, 77%). This product was used 
without further purification. 

'HNMR (DMSO-ds): 5 11.3 (brxiad s, IH), 6.19 (s. 2 H). 4.94 (broad s, IH), 3.70 (broad s, 

IH), 3.43 (s, 2H), 2.27-2.35 (m. IH). 0.88 (d. 6H, /6.1 Hz). 

MS(ES)'"/fe215(M+l). 

d"^ 3-Isobutvlr2-thioxanthine 

5,6-Dianiino-l-isobutyt2-tbioxo-2,3-dihydro-lH-pyrimidin-4-one (0.22 g, 1.0 mmol) was 
suspended in formic acid (1.5 mL) and tiiis solution was heated at 100 °C for 1 h. Excess 
formic acid was evaporated off under reduced pressure. 10% Sodium hydroxide (1.5 mL) 
was added to the orange solid aad the resulting solution was heated at 100 °C for 15 
minutes. Water was added and the pH of the solution adjusted to pH 4 with dilute acetic 
acid. The resulting slurry was stirred for 0.5 h at ambient temperature, then tiie precipitate 
was collected by filtration and washed with water. Yield: (0.21 g, 90 %). 

'HNMRPMSO-de): 5 13.82 (s, IH), 12.42 (s. IH). 8.15 (s. IH), 4.31 (d, 2H, J7.6 Hz), 
2.50 (m, IH), 0.88 (d, 6H, J 6.6 Hz). 

»3cNMR(DMSO-d6): 5 173.81, 152.57, 149.79, 141.19, 110.68,54.04.26.11, 19.79. 
MS (ES) ""/z 225 (M+1). 

Example 7 



3 - Isobutvl- 2,6- dithioxanthine 
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3-Isobutyl.2-thioxaiithine (0.20 g, 0.89 mmol) and Lawesson's reagent (1.1 g, 2.7 nraiol) 
were suspended in toluene (8 mL). This mixture was heated at 120 °C for 17 h. The 
reaction mixture was cooled and the solvent removed under reduced pressure. 10% Sodium 
hydroxide (20 mL) was added and the mixture stirred for 10 minutes. This solution was 
filtered to remove insoluble sohds and the solid washed with 10% sodium hydroxide 
solution. The basic filtrate was treated with dilute acetic acid until pH 4 was reached. The 
resulting precipitate was collected by filtration and washed with water. Drying of the 
substance afforded the title compound (0.16 g, 73%). 

NMR (DMSO-dg): 6 13.9 (s broad, IH), 13.5 (s broad, IH), 8.27 (s, IH), 4.32 (d, 2H. J 
7.5 Hz), 2.48-2.55 (m, IH), 0.89 (d, 6H,76.7 Hz). 

'3c>MR (DMSO-de): 5 173.3, 172.0. 144.9, 144.5, 122.8, 54.9, 26.3, 20.2. 
MS(ES)'"/z241 (M+1). 



Example 8 

3-Isobutvl-8-metfavl-2-thioxanthine 

A mixture of 5,6-diamino-l-isobutyl-2-1hioxo-2,3-dihydro-lH-pyrimidinr.4-one (Example 
6 (c), 0.70 g, 3.26 mmol) and triethylorthoacetate (10 mL) was heated at 130 °C for 2 h and 
40 minutes. Then the reaction mixture was cooled on an ice-bath, Ihe solid filtered off and 
washed with ethanol (4x2 mL). The sohd was dried in vacuo yielding the title compound 
(0.71 g, 95%). 

'HNMR(DMS0-d6): 8 13.45 (s, IH), 12.33 (s. IH), 4.28 (d, 2H,/7.6 Hz), 2,50 (m, IH), 
2.39 (s, 3H), 0.87 (d, 6H, J 6.6 Hz). 

"CNMR (DMSO-dfi): 6 173.47, 152.09, 151.18, 150.01, 110.62, 53.96, 26.08, 19.75, 
14.41. 

MS (ES)'"-^ 239 (M+1). 



wo 03/089430 



PCT/SE03/00617 



23 



Fxani ple 9 



3-IsQbutvlr7-Tnethvl-2-thioxanihine 

a-> N-(6- Amino- 1 -isnhutvl-4-oxn-?-thioxo- 1 .2.^,4-tetrahvdro-pYri midin-5-vlVfonnaimde 
5,6-Diainmo-l-isobutyl-2-thioxo-2,3-dihydro-lH-pyriinidiii-4-one (Example 6 (c), 0.25 g, 
1.2 mmol) was dissolved in formic acid (1.5 mL) and stiired at ambient temperature for 
0.5 h. A pink precipitate started to form after a few minutes. Water was added and the 
resulting mixture stirred for 10 minutes. The pink soUd was collected by filtration, washed 
with water and dried to yield the title conqjound (0.25 g, 86 %). This material was used 
without further purification. NMR showed that the product was obtained as a mixtiire of 
two tautomers: fonnamide (major) and imino (minor). 

NMR (DMSO-d6): 5 12.0 (broad s, IH), 8.73 (s, IH), 8.07 (s, IH), 6.85 (s. 2 H), 4.94 
(broad s, IH). 3.71 (broad s, IH), 2.22-2.32 (m. IH), 0.88 (d, 6H. J 6.5 Hz). Additional 
peaks arising from the imino isomer: 8.12 (d, IH, J 1 1.5 Hz), 7.77 (d, IH, J 11.5 Hz), 7.13 
(s,2H). 

MS (ES) ""/z 243 (M+1). 

^. AmiTin- 1 ■isnhutvl-5-met b Y^^"'^no-2-tbiox n-? , ^-dihvdro-lH-nvrimidin-4-one 
N-(6-Amino-l-isobutyl-4-tKO-2-thioxo-l,2,3,4-tetrahydro-pyrimidinr5-yl)-fQnnami 

(0.25 g, 1.0 mmol) was suspended in dry tetrahydrofuran (5 mL) and 
borancdimelbylsulphide complex (IM in dichloromethane, 2.5 mL, 2.5 mmol) was added 
dropwise. The reaction mixtiire was stirred at ambient temperature for 2.5 h. To the 
resulting clear yellow solution was added a few drops of 2M hydrochloric acid to eliminate 
unreacted borane. Water was added and the resulting aqueous solution was extracted with 
dichlorometiiane (3x15 mL). The combined organic phase was washed with brine and 
dried over Na2S04. The solvent was evaporated ofFunder reduced pressure yielding the 
titie compound (0.12 g, 54 % yield). This material was used wifljout fiorther purification. 
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'H NMR (DMS0-d6): 8 1 1.9 (broad s. IH). 5.75 (s, 2 H), 4.94 (broad s. IH), 3.70 (broad s, 
IH), 3.43 (s, 2H), 2.38 (s, 3H). 2.24-2.32 (m, IH), 0.87 (d, 6H, J 6.8 Hz). 
MS (ES) ""/z 229 (M+1). 

c ) 3-Isobii t y1-7-methvl -2-thioxanthine 

6-Amino.l4sobutyl.5-inethylanuno-2-1iuoxo-2,3-dihydro.lH-pyri^ (0.11 g, 

0.48 mmol) was dissolved in formic acid (1 mL) and heated at 85 °C for 1 h. The excess of 
formic acid was evaporated off under reduced pressure. 10% Sodium hydroxide solution 
(2 mL) was added and the solution was heated at 85 °C for 20 minutes. Water was added 
and the pH was adjusted to 4 with dilute acetic acid, upon which a white sohd precipitated. 
The white solid was collected by filtration, washed with water and dried Id yield the title 
compound (85 mg, 74 %). 

'HNMR(DMSO-d6): 5 12.4 (s, IH), 8.10 (s, IH), 4.28 (d, 2H. J7.5 Hz). 3.89 (s, 3H). 
2.44-2.50 (m, IH), 0.88 (d, 6H, J6.7 Hz). 

i^cmiR (DMSO-d,): 5 174.3, 153.2, 150.1. 143.7, 111.2, 54.1, 33.6, 26.4, 20.1. 
MS(ES)'"/z239(M+l). 



F.xam ple 10 



3-Cvclohexv1methvl-2-t hioxantbine 

fi.Am^Tio-l-cY ^i^i^^v Y^n.^thvl-2-thioxo-2.3-dihydro-1 P-rvrimidin-4-one 
TTie title compound was prepared in accordance with the general method of Example 6 (a) 
using cyclohexyhnethyllhiourea'^ (3.92 g, 22.7 mmol), yielding the title compound as a 
white solid (4.87 g, 90%). 

>HNMR (DMSO-d6): 5 11.75 (s, IH), 6.93 (s, 2H), 5.1-4.7 (hrm, IH). 4.83 (s. IH), 3.55 
(broad, IH), 1.93 (br, IH), 1.75-1.30 (br m, 5H), 1.10 (br, 5H). 
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^- Aminn- 1 -nYr.1nheyvme1fav l -^-n^trnso-2-fcioxo-2,3-dihvdro- 1 H-pYrimidin-4-one 
The title compound was prepared in accordance with the general method in Example 6 (b) 
from6-amino-l-cyclohexylmethyl-2-lMoxo-2>dihydro-lH-pyrimidin-4-o^ (3.75g, 15.7 

mmol), yielding 3.60 g (85%) of the product as a puiple soUd. 

^HNMR: 6 13.5 (br s, IH), 12.7 (br s, IH), 9.1 (br s. IH). 4.84 (br s, IH). 3.82 (br s, IH). 
1.80 (br, IH), 1.64-1.59 (brm, 5H), 1.07 (br, 5H). 

^ ,fi.niam ino-1 -cvclohexYliT.ethvl-2-thi o vn-2.3-dihvdro-1 H-pvrimidinr4-oi^ 
The title compound was prepared in accordance with fee general method in Example 6 (c) 
from 6-amino- l-cyclohexylmethyl-5-nitroso-2-thioxo-2,3-dihydro- lH-pyrimidin.4-one 
(3.60 g, 13.4 nunol) and was used without purification in the next step. 

'HNMR (DMSO-de): 5 6.17 (s. 2 H), 5.01 (br, IH), 4.0-3.0 (very broad, 3H), 1.97 (br, 
IH), 1.8-1.3 (brm, 5H), 1.09 (brm, 5H). 

d^ 3-Cvc1ohexvlmet b Yl-2-tbioxanthine 

5,6-Diamino-l-cyclohexylmethyl-2-thioxo-2,3-dihydro-lH-pyrimidinr4-one, (1.44 g. 5.67 
nmiol) together with triethyl orthoformate (15 mL) was heated at 146 °C for 2 h and 10 
minutes. The mixture was allowed to cool to ambient temperature and then further cooled 
on an ice-bath, followed by addition of heptane (5 mL). After filtration of the suspension 
and washing wife heptane (20 mL), fee obtained soUd was dried in vacuo. Suspending fee 
soUd (1 .2 g) in a hot mixture of 2-propanol (1 25 mL), water (5 mL) and tert-butyl mefeyl 
efeer (25 mL) gave, after cooling and filtration, a white precipitate which was washed wife 
fiirfeer tert-butyl mefeyl efeer (5 mL). The soUd was dried in vacuo to give fee title 
con5>ound (0.95 g, 63%). 

'HNMR (DMSO-dfi): 8 13.69 (s, IH), 12.35 (s, IH), 8.12 (s, IH), 4.33 (d, 2H,y7.1 Hz), 
2.18 (m, IH), 1.49-1.50 (m, 5H), 1.02-1.17 (m, 5H). 
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'3CNMR(DMSO-d6):8 173.65, 152.68, 149.90. 141.41, 110.96,52.97.35.31,30.09. 

25.88.2532. 

MS (ES) "/fe 265 (M+1). 

Example 1 1 



:^-f3-MethoxvpropvlV2 -<^^'i"-'a^-'tV»ine 

6-.ATnino- 1 -fS-methox^ 
Sodimn methoxide (0.81 g, 21.2 mmol. 1.05 eq.) was added to a solution of 
3-methoxypropylthiourea (3.00 g, 20.2 mmol) in ethanol (10 mL). Ethyl cyanoacetate 
(2.18 mL, 20.2 mmol) in ethanol (10 mL) was added and fee resulting white slurry was 
heated to reflux for 2.5 h. The solvent was evaporated and the remaining pale brown oil 
was treated with 2M acetic acid (15 mL,). THe white crystals were filtered off and washed 
wife acetic acid to give fee title compound (2.10 g, 48%). 

^HmiR (DMS0-d6): 5 1.77 (s, IH), 6.95 (s, 2H), 4.86 (s, IH). 3.39 (t, 2H), 3.24 (s. 3H), 
1.88 (m,2H). 

3-f3-Mefeoxvprop y1V2-thioxantbine 
Acetic acid (25 mL) was added to 6-amino.l-(3.mefeoxypropyl)-2-feioxo-2.3.dihydro-lH- 
pyrimidin-4-one (2.00 g, 9.29 mmol) and fee red reaction mixture was heated to 90 "C. 
Sodium nitrite (0.71 g, 10.2 mmol) in water (7 mL) was added, fee oU bafe was removed 
and fee reaction mixture was stirred for 20 minutes. The solvents were co-evaporated wife 
efeanol and fee remaining red solid (1.8 g, 79%) was used in fee next st^ without furfeer 
purification. 

Platinum on carbon (0.5g) was added to a solution of fee crude 6-amino-l-(3- 
mefeoxypropyl)-5.nitroso 2-feioxo-2.3-dihydro.lH.pyrimidin.4.one (1.80 g, 7.38 mmol) 
in tetrahydrofuran (80 mL) and water (20 mL) and fee reaction mixture was hydiogenated 
at atmospheric pressure for 2 h The catalyst was filtered off and fee pale brown filliate 
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was co-evaporated with ethanol (250 mL). The resulting brown soUd, 1 .6 g, was used in 
the next step without further purification. 

5,6-IMamino-l-cyclohexylmethyl-2-thioxo-2,3-dihydro-lH-pyrimidi^^ (1.6 g. 12.2 
mmol) was dissolved in ethanol (10 mL) and triethyl orthoformate (10 mL) and the 
5 reaction mixture was refluxed for 2.5 h. The solvents were evaporated off and the resulting 
brown solid was purified by flash chromatography (heptane/ethyl acetate. 4:1-1:1) to give 
the title compound (1 10 mg, 9%). 

>HNMR (DMSO-de): 6 13.78 (s, IH), 12.40 (s, IH). 8.16 (s, IH), 4.52 (t, 2H. J7.1 Hz). 
10 3.41 (t, 2H, J7.1 Hz), 3.21 (s. 3H). 1.98 (m, 2H). 

,i3cNMR(DMSO-d6): 5 173.27, 152.63, 149.30, 141.50, 110.94, 69.51. 57.82,45.47, 

26.68. 

Example 12 

'^-Cyclopropvlmethvl-2-thi oxanthine 

fi.ATnino-l-r.vr.1oproPvlmet b Yl-?-thiQxo-2.3-Hihvdro-lH-pyrimidin.4-one 
To l-cyclopropylmethyl-2-thiouiea (0.60 g. 4.6 mmol) in ethanol (10 mL) was added 
sodium methoxide (0.26 g. 4.8 mmol) and, after 5 minutes, ethyl cyanoacetate (0.50 mL. 
4.6 mmol). The resulting mixture was heated to reflux for 2 h and 40 minutes followed by 
evaporation of the solvent under reduced pressure and treatment of the resulting yellow 
solid with 2M aqueous acetic acid (10 mL) giving a white solid. The soM was collected by 
filtration and washed wife 2M aqueous acetic acid (10 mL). stirred with ethanol (10 mL) 
25 followed by eviration and drying under reduced pressure, giving liie title compound 
(0.51 g, 56%). 

MS (ES) '"/z 198 (M+1). 



15 



20 



30 



b^ 3-Cvcloprnpvlmetb vl-2-thioxanthine 
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6-Aiiiino-l-cyclopropylmethyl:2-tMoxo-2,3-dihydro-lH-pyrinudm-^ (0.50 g, 2.5 
mmol) was suspended in acetic acid (8 mL) and, after heating at 90 »C for 15 mmutes, 
sodium nitrite (0.19 g, 2.8 nunol) in water (1 mL) was added to the solution. After 15 
minutes tiie heating was removed and the reaction mixture stirred at ambient temperature 
far 3 h. Ethanol (30 mL) was added and flie solvents were removed under reduced 
pressure. The resulting oil was treated with ethanol (30 mL) and this afforded, upon 
evaporation and drying, 6-amino-l-cyclopropyhnethyl-5-nitroso-2-lhioxo-2,3-dihydro-lH- 
pyrimidinr4-one (0.61 g) as a red-brown solid. 

The crude product (0.61 g) from the previous reaction was dissolved in water (10 mL) and 
tetrahydiofuran (30 mL) and platinum on carbon (0.30 g) were added. The mixture was 
subjected to hydrogenation at atmospheric pressure for 4 h, the catalyst was removed by 
filtration and the solvents were removed under reduced pressure. Evaporation of added 
ethanol (50 mL) afforded an orangp soUd. The residue was dissolved in ethanol (10 mL) 
and triethyl orthoformate (5 mL) was added and the resulting mixture was heated at reflux 
overnight Evaporation of the solvent and purification using preparative HPLC afforded the 
desired compound (38 mg, 6.2% yield from 6-amino-l-cyclopropyhne1hyl-2-thioxo-2,3- 
dihydro- lH-pyrimidinr4-one). 

»HNMR(DMSO-d6): 5 13.78 (s, IH), 12.43 (s, IH), 8.15 (s, IH). 4.37 (d, 2H, J7.1 Hz), 
1.50 (m, IH), 0.52 (m, 2H), 0.45 (m, 2H). 

»3cNMR(DMSO-d6): 5 173.52, 152.62, 149.52, 141.48, 111.02, 51.71, 9.27, 3.50. 
MS(ES)'"/&223(M+1). 



Example 13 



3-Tsobutvl- 1 -Tne1favlr2-thioxanthine 



A) l-isobutyl-3-methvlthiourea 

Methylamine (2M in methanol, 20.0 mL, 40.2 mmol) was added dropwise to 
isobutylisothiocyanate (2.00 mL, 16.5 mmol) during 15 minutes at room temperature. 
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reaction mixture was heated to reflux for 3.5 h and Ihe solvent was evaporated off to give 
the title compound (2.37 g, 98%) as a colourless oil. 

'HNMR (DMSO-dfi): 5 7.40 (s, IH), 7.29 (s, IH), 3.15 (broad s, 2H), 2.80 (d, 2H), 1.81 
(m, IH), 0.83 (d, 6H). 

fi-Atriirm-l-r^ohulvl-3-metb Y^-'^-i^itr«so-2-thioxo-1H-pvrimidin-4-one 
A solution of cyanoacetic acid (1.52 g. 17.8 mmol) in acetic anhydride (2.45 mL, 25.9 
mmol) was added to l.isobutyl.3-methylthiourea (2.37 g. 16.2 mmol). The reaction 
mixture was heated to 60 "C for 1 .5 h. The solvent was evaporated and the resulting red oil 
was redissolved in ethanol (5 mL) and 5M sodium hydroxide (1 .6 mL, 8.1 mmol) was 
added. The reaction mixture was refluxed for 2 h The solvent was co-ev^orated vn± 
ethanol and the resulting pale brown solid was purified by flash chromatography (ethyl 
acetate) to yield 6.amdno-l-isobu1y].3-me1hyl-2-thioxo-lH-pyrimidii>.4.one (1.0 g, 29%) 

as a yellow solid 

Sodium nitrite (0.34 g, 4.9 mmol) in water (1.5 mL) was added to a solution of the amine 
(1.00 g, 4.7 mmol) in ethanol (7.0 mL) at room temperature. 5M Hydrochloric acid (1.0 
mL, 4.9 mmol) was added and the resulting dark red reaction mixture was stiiied at room 
temperature for 2 h. Ethanol (20 mL) was added and the red crystals were filtered off and 
washed with diethyl ether. Drying of the crystals gave the title compound (0.68 g, 60%). 

^HNMR (DMSO-d6): 8 12.87 (s, IH), 9.35 (s, IH), 4.28 (dd, 2H), 3.75 (s. 3H), 2.34 (m, 
IH), 0.90 (d, 6H). 

3-Isohutyl-l-methvl-2-thioxanthine 
Palladium on carbon (3.70 g) was added to a solution of 6-amino-l-isobutyl-3-methyl-5- 
nitix)so-2.thioxo-lH-pyrimidii].4-one (6.0 g, 24.8 mmol) in tetrahydroiuran (1200 mL) and 
water (300 mL) and the reaction mixture was hydrogenated (2.5 bar) for 21 h. The catalyst 
filtered off and the tetrahydrofuran was evaporated off under reduced pressure. The 



was 
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xesidue was extracted with ethyl acetate (3 x 200 mL). The organic phase was conceatrated 
and e&anol (100 mL) was added to Ihe residue and ev^orated. 
The brown diamine intermediate was dissolved in triethyl oniioformate (50 mL) and the 
reaction mixture was heated tol40 "C for 40 minutes. The reaction mixture was 
concentrated and co-evaporation with ethanol afforded a brown solid. The residue was 
purified by flash chromatography (heptane/ethyl acetate, 2:1 -ethyl acetate) followed by 
washing of the soUd with diethyl ether and hexane to give the title compound (160 mg, 
2.7%). 

>HNMR(DMSO-d6): 8 13.86 (s. IH), 8.21 (s, IH), 4.34 (d, 2H,^7.1 Hz), 3.89 (s. 3H). 
2.40 (m, IH), 0.86 (d, 6H, J7.1 Hz). 

»3cNMR(DMSO-d5): 5 174.68, 153.33, 148.41, 141.73, 109.92,52.83,37.17.25.77, 
19.92. 

Rxam ple 14 
3.f2-Tetrahvdrofurvl-methvlV2-thio xanthine 

fi.AiT.ino-l-P-t^tr.hvdrofarvl- »^^>^ylV7-tbioxo-2 3-r1ihydro-1H-pyrimidin-4-one 
2-Tetrahydrofuiyl-methyHiuourea (1.0 g, 6.2 mmol) and ethyl cyanoacetate (0.85 g, 7.5 
mmol) were added to a solution of sodium ethoxide [fireshly made fiom sodium (0.16 g. 
6.9 mmol) and absolute ethanol (4 mL)]. The resulting mixture was refluxed for 3.5 h. 
After cooling to room temperature, the solvent was evaporated under reduced pressure, and 
the resulting viscous syrup was r^dissolved in water (30 mL). This basic solution was 
neutralized with 2M hydrochloric acid. The resulting precipitate was collected by filtration 
and flie solid was washed witii water. This crude product (1 .3 g, 90%) was used without 

* 

further purification. 

^HNMR (DMS0-d6): 6 11.9 (s, IH), 6.79 (s, 2H), 4.91 (s, IH), 4.62-4.65 (m, IH), 4.21- 
4.31 (m. 3H), 3.81-3.87 (m, IH). 3.63-3.68 (m, IH), 1.77-2.01 (m, 3H). 1.57-1.65 (m, IH). 
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MS CES) ""/z 228 (M+1). 

h > fi, Amino-1 -f2-teti^V(fcoPiwl-me1hvlV5 - iiitroso-2-lMoxo-23-dihv& 
4-one 

6-Anuno-l-(2-tetrahydroftnyl-methyl)-2-lMoxo-2,3-(iihydio-l^ (1.3 g, 

5.6 mmol) was suspended in 10% aqueous acetic acid (25 mL). Sodium nitrite (0.43 g, 6.2 
mmol) was added and this mixture was heated at 75 X for 1 h. The purple solid was 
collected by filtration, washed and dried, giving the title product (1.3 g, 90%). 

»HNMR: 8 13.3 (br s, IH), 12.8 (br s, IH), 8.93 (br s, 11$, 4.57 (br s, IH), 4,45 (br s, IH), 
4.18-4.24 (m, IH), 3.74-3.79 (m, IH), 3.59-3.64 (m, IH), 1.86-2.01 (m, 2H), 1.74-1.82 (m, 
IH), 1.59-1.67 (m,lH). 

n ) <; fi-nifliniTin- 1 -f2-tetrahvdrnfarvl-meth v 1-2-thioxQ-2.3-dihvdro- lH-PYrimidin-4-one 
6-Amino-l-(2-tetrahydrofuryl-methyl)-5-nitroso-2-1hioxo-2,3-dihydro-lH-pyrimidi^ 
(1.3 g, 5.1 mmol) was dissolved in 32% aqueous ammonia (15 mL) and water (15 mL) was 
added. The red solution was heated at 70 °C while sodium dilhionite (2.2 g, 13 mmol) was 
added in small portions. Heating was continued for another 15 minutes and then the yellow 
solution was stirred at ambient temperature for 1 h. The solution was neutralized with 2M 
hydrochloric acid. The yellow precipitate was collected by filtration, washed with water, 
and dried, giving the title product (0.90 g, 73%). This material was used in the next step 
without further purification. 

»H NMR (DMS0-d6): 6 5.96 (s, 2 H), 4.74 (br d, IH), 4.35 (br s, IH), 4.21-4.28 (m, IH), 
3.84-3.89 (m, IH), 3.64-3.69 (m, IH), 3.49 (br s, 2H), 1.78-2.01 (m, 4H), 1.60-1.67 (IH). 
.MS(ES)'">fe243(M+l). 



ri ) 3-('2-Tetrahvdrofurvl-meflivn-2-thi oxantfaine 

5,6-Diamino- 1 -(2-tetrahydrofinyl-methyl)-2-thioxo-2,3-dihydro- 1 H-pyrimidin-4-one 



wo 03/089430 



PCT/SE03/00617 



32 



(0.25 g, 1.0 mmol) was dissolved in formic acid (1 noL) and heated at 70 °C for 0.5 h. Aftei 
a few minutes a pink soUd formed in the solution. The excess of formic acid was 
evaporated off and the resulting solid dissolved in 10% sodium hydroxide solution (4 mL). 
This solution was heated at 70 *>C for 40 minutes, then neutralized with 2M hydrochloric 
acid. The resulting precipitate was collected by filtration, washed with water and dried, 
giving pure product (0.23 g, 87%). 

'H NMR (DMSO-de): 8 13.8 (br s, IH). 12.4 (br s, IH), 8.16 (s. IH), 4.53-4.61 (m, 2H), 
4.38-4.44 (m, IH), 3.79-3.84 (m, IH), 3.58-3:63 (m, IH), 1.72-1.98 (m, 4H). 
•3cNMRCDMSO-d6):5 173.65, 152.68, 149.90, 141.41, 110.96,52.97,35.31,30.09. 

25.88,25.32. 
MS(ES)"'/z253 (M+1). 

Example 15 



3-('2-Methoxv-ethvn-2- tHinvaTithine 

g ) fi- Aminn- 1 -f ?.-Tnethox^^et - wn-2.ihioxo-2.3-dihvdro- lH-pyrimidin-4-one 
The title compound was prepared m accordance with the general method of Example 14 (a) 
but using (2-methoxy-ethyl)-thiourea (1.5 g, 11 mmol), yielding the title compound as a 
white sohd (2.1 g, 93%). 

'HNMR(DMS0-d6): 5 11.9 (s, IH), 6.82 (s, 2H), 4.89 (s, IH), 4.53 (broad s, 2H), 3.62 (t, 

2H,J5.9Hz),3.29(s,3H). 

MS (ES) ^/z 202 (M+1). 

K ) ^-ATn1Wl-f2-Tnethox^^ethY ^ )-^-t^itrnso-2-thioxo-2,3-dihyd^o-1H-pyrimid^^^ 
6-Amino-l-(2-methoxy-ethyl)-2-1hioxo-2.3-dihydro-lH-pyrimidin-4-one (1.0 g, 5.0 mmol) 
was suspended in 10% acetic acid (20 mL). Sodium nitrite (0.38 g, 5.5 mmol) was added 
and the resulting mixture was heated at 75 °C for 1 h. The reaction mixture became first 
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pink and liien pmple. Water (20 mL) was added and the reaction mixture was put in the 
fiddge overnight. The purple solid was collected by filtration and washed with water to 
give the title conq)ound (0.42 g, 37%). A second crop of product (0.22 g. 19%) was 
obtained by reducing the volume of the purple filtrate. The crude product was used in the 
following step without further purification. 

NMR (DMSO-dfi): 6 13.4 (br s, IH), 12.8 (br s. IH), 9.06 (br s, IH), 4.54 (br s, 2H), 
3.60 (t, 2H, J5.8 Hz), 3.24 (s, 3H). 

5.6-DiamiKO-1 -r2-methoxv-e tTi v1V2-thioxo-?.,3-dihvdro-lH-pYrimidin-4-one 
The title compound was prepared in accordance with the general method of Example 14 (c) 
but using 6-amino-l-(2-methoxy-ethyl)-5-nitroso-2-thioxo-2,3-dihydro-lH-pyrimidin.4- 
one (0.42 g, 1.8 mmol), yielding the title compound as a yellow soUd (0.28 g, 68%). 

'H NMR (DMSO-dfi): 6 11.9 (br s, IH). 5.94 (s, 2 H), 4.58 (br s. 2H), 3.64 (t, 2H, J 5.6 

Hz), 3-47 (br s, 2H), 3.28 (s, 3H). 
MS(ES)'"/z217(M+l). 

3-f2-Methoxv-ethv 1)-2-thiQxanthine 
5,6-Diamino-l-(2-methox5^ethyl)-2-thioxo-2,3-dihydro-lH-pyrimidin-4-one (0.27 g. 1.3 

mmol) was suspended in formic acid (2 mL) and this solution was heated at 90 °C for 1.5 
h. Excess formic acid was evaporated ofFunder reduced pressure. 10% Sodium hydroxide 
solution (5 mL) was added to the orange solid and the resulting solution was heated at 
90 "C for 2 h. The reaction mixture was neutralized with dilute acetic acid. The resulting 
solution was put in the Mdge for several days, then the orange needle-like crystals that had 
formed were collected by filtration and washed with water. Yield: (0.11 g, 40 %). 

'HNMR (DMSO-dfi): 5 13.8 (broad s, IH), 12.5 (broad s, IH), 8.16 (s, IH), 4.65 (t, 2H, J 
6.4 Hz), 3.73 (t, 2H, 76.4 Hz), 3.28 (s, 3H). 

'3cNMR(DMSO-d6): 6 172.14, 151.06. 148.02, 139.85, 109.20, 66.04, 56.65,44.72. 
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MS (ES) ""/z 227 (M+1). 

E?cample 16 
3-f3-fl-MorpholinvlVt>roDvlV2-thioxanthine 

a) fi-Amino-l-G-(l-morpholmvlVproPvlV2-lMoxo -2.3-dihvdro-lH-pvrimid^ 
The title compound was prepared in accordance with flie general method of Example 14 (a) 
but using l-(3-(l-morpholinyl)-propyl)-2-1iiiourea (1.1 g, 5.3 mmol), yielding the title 
compound as a white solid (1.2 g, 87%). 

'H NMR (DMSO-de): 5 11.8 (s, IH), 7.24 (s, 2H), 4.84 (s, IH), 4.33 (br s, 2H), 3.55-3.57 
(m, 4H), 2.30-2.36 (m, 6H), 1 .82- 1 .89 (m, 2H). 
MS(ES)'"/z271 (M+1). 

r ) S,6-DiaTnmo-1-r3-ri-morpholinvlVpropvlV2-1faioxo-2.3-dihv dro-lH-Pvrimidinr4- 
6-Arnino-l-(3-(l-morpholinyl)-propyl)-2-1hioxo-2,3-dihydro-lH-pyrimidinr4-Qne (0.57 g, 
2.1 mmol) was dissolved in 10% acetic acid (10 mL). Sodium nitrite (0.16 g, 2.3 mmol) 
was added and the slurry was stirred at ambient temperature. After 2 h there was still a lot 
of starting matmal left. More sodium nitrite (0.32 g, 4.6 mmol) was added and the solution 
stirred overnight. The precipitate was collected by filtration and washed with water. This 
extremely insoluble solid was reduced without analysis. The solid was dissolved in 32% 
aqueous ammonia (6 mL) and tiien water (6 mL) was added. The resulting red solution was 
heated at 70 °C and sodium dithionite (0.91 g, 5.2 mmol) was added in small portions. 
Then the solutiraa was stirred at 70 °C for 1.5 h. More sodium dithionite (0.91 g, 5.2 mmol) 
was added and the solution stirred at 70 °C for another 2.5 h. The neutral solution was 
filtered to remove insoluble solid. The filtrate was concentrated and the resulting yellow 
solid suspended in water. The solid was collected by filtration, washed with water, and 
dried to yield the title product (0.068 g, 1 1%). 
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'HNMR: 6 12.0 (br s, IH), 6.48 (s, 2 H), 3.59 (m, 4H), 2.30-2.45 (m, 6H), 1.88-1.91 (m, 
2H). 

MS(ES)'"/fe286(M+l). 

d'^ 3-f3-fl-MorDholmvn-tgopvn-2- thioxapthme 
5,6-Diaiimc>-l-(3-(l-moxpholmyl)-propyl)-2-thioxo-2,3-(miydro-m-py^ 
(0.068 g, 0.24 mmol) was dissolved in formic acid (0.4 noL) and stirred at ambient 
temperature for 1 h. The excess of formic acid was evaporated off and 10% sodium 
hydroxide solution (1,5 mL) was added and the yellow solution was heated at 70 "C for 40 
minutes. The cooled solution was neutralized with 2M hydrochloric acid and put into the 
fiddge for several hours. The precipitate was collected by filtration, washed with water, and 
dried yielding the title compound as an off-white soUd (0.025 g, 36%). 

'HNMRpMSO-dfi): 5 13.7 (broad s, IH), 12.4 (s, IH), 8.17 (s. IH), 4.53 (t, 2H, J7.5 
Hz), 3.52 (m, 4H). 2.31-2.46 (m, 6H), 1.91-1.99 (m, 2H). 

»3CNMR (DMSO-dfi): 5 173.68, 152.99, 149.82, 141.75, 111.24, 66.39, 55.70, 53.43, 

46.58, 23.35. 

MS (ES) '"/z 296 (M+1). 



Rxamnle 17 



3-f2-FurvlrmethvlV2-thioxanthine 

a ) fi- ATT.inn-1 -r9-furvl-metfavn-2-tfaioxo-2.3 -dihvdro-lH-pvrimidin-4-one 
The title compound was prepared in accordance with the general method of Example 14 (a) 
except that the reaction time was reduced to 1 .5 h and the product was precipitated with 
dilute acetic acid. Using 2-fiiryl-mefliyhhiourea (1.0 g, 6.4 mmol), the title product (0.95 g, 
66%) was obtained. 
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'HNMR(PMS0-d6): 5 11.8 (br s, IH), 7.58-7.62 (m, IH), 7.05 (br s, 2H), 6.38-6.42 (m, 

IH), 6.31-6.36 (m, IH), 5.68 (br s, 2H), 4.85 (s, IH). 

MS(ES)'"/z224(M+l). 

6-Aniino-l-r2-fxmrl-metfavlV5-nitroso-2-tfaioxo-2. 3-d&vdio-lH-Pvrim 
The title compound was prepared in accordance with the general method of Example 14 
(b) except that the reaction mixture was first heated at 60 °C for 1 h and then stirred at 
ambient temperature for 1 h. The product (0.25 g, 60%) was obtained as a brown solid 
when 6-amino-l-(2-furylrme1hyl>2-tinoxo-2,3-dihydro-lH-pyrimidin-4-one (0.3.7 g, 
1.6 mmol) and 2 equivalents of sodium nitrite (0.23 g, 3.3 nmiol) were used 

'HNMR: 5 12.1 (br s, IH), 7.54-7.57 (m, IH). 7.45-7.47 (m, IH). 6.37-6.40 (m, IH), 6.32- 
6.38 (m, IH), 6.30-6.32 (m, IH), 5.62 (s, 2H), 5.48 (s, 2H). 

^,fi-T^am inf>-l-f2-furvl-methvlV2-tfaiox o-2.3-dihvdro-lH-Pvrlmidin-4-QDe 
The title compound (0.12 g, 52%) was prepared in accordance wifli the general method in 
Example 14 (c) starting from 6-amino-l-(2-ftiryl-methyl)-5-ni1roso-2-1hiQxo-2,3-dihydro- 
lH-pyrimidin-4-one (0.25 g, 0.99 mmol), and was used without purification in the next 
step. 

'HNMR(DMSO-d6): 6 12.5 (br s, IH), 12.2 (s, IH), 7.58-7.60 (m, IH), 7.55-7.57 (m, 
IH), 6.38-6.41 (mi, 2H), 6.34-6.37 (m, 1 H), 6.30 (br s, 2H), 5.77 (s, 2H), 5.63 (s, 2H). 
MS (ES) '"/z 239 (M+1). 

d'> 3-f2-Furvl-methvlV2-thioxanthine 

5,6-Diamino-l-(2-fuiyl-melJiyl)-2-liiioxo-2,3-dihydro-lH-pyrimidinr4-one (0.12 g, 
0.51 mmol) in formic acid (0.5 mL) was stirred at ambient temperature for 0.5 h. The 
excess of formic acid was evaporated off and the resulting solid dissolved in 10% sodium 
hydroxide solution (3 mL). This solution was heated at 70 'C for 0.5 h. The reaction 
mixture was neutralized with 2M hydrochloric acid. The resulting precipitate was collected 
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by filtration, washed with water, and dried. Yield: (0.047 g, 37%). 

'HNMR(DMSO-d6): 5 13.9 (s, IH), 12.5 (s, IH), 8.18 (s, IH), 7.55-7.57 (m, IH), 6,36- 
6.39 (m, 2H), 5.69 (s, 2H). 

'3cNMR(DMSO-d6): 5 174.14, 152.85, 149.56, 149.33, 142.77, 141.80, 110.93, 109.40, 
44.26. 

MS (ES) '"/z 249 (M+1). 



Example 18 

3 -f4-MeflioxvbenzvlV2-thioxanthine 



fi. AmiTin-l -r4-metiioxvbenzvlV2-tiiio xn-2.3-dihvdro- 1 H-pvrimidin-4-one 
The title compound was prepared according to the general method of Example 14 (a) 
except that the reaction was conducted for 2.5 h at reflux temperature followed by 16 h at 
ambient temperature and precipitation of the product was made using dilute acetic acid. 
Starting with (4-methoxyben2yl)-thiourea (1.0 g, 5.1 mmol) afforded the desired product. 
(1.2 g, 92%). 

^HNMR (CI>30D): 5 7.19 (d, 2H, J 8.6 Hz), 6.89 (d. 2H, J 8.6 Hz). 5.72 (br s, 2H), 5.06 

(s, IH), 3.77 (s, 3H). 
MS (ES)'"/fe264(M+l). 

h. ) fi- Amino- 1 -(4-methoxvbenzvn-5-nitroso-2-tfaio xo-2.3-dihvdro- 1 H-pyrimidin-4-one 
The title compound was prepared according to the general method of Example 14 (b) but 
using a 2.5 h reaction time. Using 6-amino-l-(4-methoxybenzyl)-2-1hioxo-2,3-dihydro-lH- 
pyrimidin-4-one (1.2 g, 4.7 mmol) yielded the product (1.2 g, 88%) as a blue-green soHd 
that was used in the subsequent reaction without fiirther purification. 
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'HNMR(DMS0-d6): 6 11.9 (s, IH), 7.18-7.12 (m, 2H). 6.95-6.83 (m, 2H), 5.58 (br s, 
2H),3.70(s, 3H). 

5.6-Diarninn-1 -f4-methoxvbenzvlV 2 -thioxo-23-dihvdio-lH-pvriimdinr4-o^ 
The title compound was prepared according to the general meihod of Example 14 (c) 
except that dilute acetic acid was used for neutralization of the reaction mixture. The 
desired product (0.83 g, 73%) was prepared as a yellow solid starting from 6-amino- 1-(4- 
methoxybenzyl)-5-nitroso-2-fhioxo-2,3-dihydro-lH-pyrimidinr4-one (1.2 g. 4.1 mmol). 

'HNMR (DMSO-de): 5 11.7 (br s. 2H), 7.20-7.12 (m, 2H), 6.92-6.85 (m, 2H), 6.06 (s. 

2H), 5.73 (br s, 2H), 3.71 (s, 3H). 

MS(ES)'"/fe279(M+l). 

(i^ 3.(4.MethoxvbeP 7y1V2-thioxantfaine 

5,6-Diamino-l-(4-methoxybenzyl)-2-thioxo-2,3-dihydro-lH-pyrimidinr4-one (0.83 g, 
3.0 mmol) was dissolved in formic add (3.0 mL) and the resulting solution heated at 
100 °C for 1 h. The excess formic acid was removed under reduced pressure and the 
residue dissolved in 10 % potassium hydroxide solution (8 mL) and heated at 100 ''C for 
15 minutes. The reaction mixture was neutralized with 10% acetic acid and the resulting 
precipitate collected by fillxation. The precipitate was reciystallised from elhanol : 
dimethylformamide and the isolated crystals dissolved in IM potassium hydroxide 
solution, precipitated by neutralization wife 10% acetic acid and collected by filtration. 
After drymg, the title compound (0.14 g, 16 %) was obtained. 

'HNMR (DMSO-de): 5 13.9 (br s, IH), 12.5 (s, IH), 8.15 (s, IH), 7.36 (d, 2H,y 8.6 Hz), 
6.84 (d, 2H, J 8.9 Hz). 5.63 (s, 2H), 3.70 (s, 3H). 

"CNMR(DMS0-d6): 5 173.85. 158.52, 152.45, 149.36, 141.41, 129.35, 127.97, 113.58. 

110.83,55.01,49.63. 

MS(ES)'"/z289(M+l). 
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Emnple 19 

3-f4-iquorobenzvlV2-lMoxanthme 

^ ) f>. Amino- 1 -r4-fluorobenzvlV2-thio xo-2.3-dihvdro- 1 H-pvriinidinr4-Qne 
The title compound was prepared according to the general method of Example 14 (a) 
except that the reaction time was 16 h and precipitation of the product was made by 
treatment with dilute acetic acid. (4.nuorobenzyl)-thiourea (1.0 g, 5.4 mmol) afforded the 
product (1 ,2 g, 86 %) as a white solid. 

'HNMR (DMSO-de): 5 11.9 (br s, IH), 7.27-7.11 (m, 4H), 6.91 (s, 2H), 5.67 (br s, 2H), 
4.89 (s, IH). 

MS (ES) '"/z 252 (M+1). 

T, ) fi- Amino- 1 -f4-fluorobenzvlV5-mtm so-2-1faioxo-2.3-dihvdro- lH-pvrimidinr4-one 
Th& title compound was prepared according to the general method of Example 14 (b) 
except increasing the reaction time to a total of 8 h. 6-Amino-l-(4-fluorobenzyl)-2-thioxo- 
2,3-dihydro-lH-pyrimidiBh4-one (1.2 g, 4.7 mmol) afforded the desired product (0.88 g, 
67 %). 

'H NMR (DMSO-d6): 6 13.1 (br s, IH), 12.8 (br s, IH), 7.33-7.08 (m, 2H), 7.13 (t, 2H, J 
8.7Hz),5.62(brs,2H). 

5.6-DiaTniTio- 1 -r4-fluorobenzvlV2-1faioxo-2.3-d ibvdro- lH-Pvrimidin-4-one 
The title compound was prepared in accordance with the general melhod of Example 14 (c) 
except &at the reaction was kept at 75 "C for 1 h followed by 20 minutes at ambient 
temperature and neutcaUzation of the reaction mixture was made witii dilute acetic acid. 
Using 6-amino- l-(4-fluorobenzyl)-5-nitroso-2-1hioxo-2,3-dihydK)-lH-pyrimidin-4-ane 

(0.88 g, 3.1 mmol) gave the desired product (0.55 g, 66 %). 
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'H NMR (DMS0-d6): 6 12.1 (br s, 2H), 7.29-7.12 (m, 4H), 6.08 (s, 2H), 5.75 (br s, 2H). 
MS (ES) ""/z 267 (M+l). 

3-f4-Huoro-benzvlV2-tbioxanttune 
5 The title compound was prepared in accordance with the general method of Example 1 8 
(d) but using 5,6-diamino-l-(4-fluorobenzyl)-2-thioxo-2,3-dihydro-lH-pyrimidinr4-one 
(0.55 g, 2.1 mmol), yielding the desired product (0.24 g, 41 %). 

. NMR (DMSO-de): 5 13.9 (br s. IH), 12.5 (s, IH), 8.15 (8, IH), 7.44 (dd, 2H, J 8.6, 8.6 
10 Hz), 7.12 (t. 2H, J 8.9 Hz), 5.68 (s, 2H). 

'^cmiRpMSO-dfi): 6 173.96, 160.14, 152.48, 149.28, 141.44, 132.19, 129.83 (d.y8.0 

Hz), 115.00 (d,722 Hz), 110.82, 49.49. 
MS (ES)'"/z277(M+l). 

15 F-xam ple 20 

3-Phenethvl-2-thioxanthine 

a ) ^- Aminn- 1 -phenethvl-2-tbioxo-2.3-dihvdro- 1 H -Pvrimidin-4-one 
20 The title compound was prepared according to the general method of Example 14 (a) apart 
from a 3.5 h reaction time at reflux followed by reaction at ambitait temperature for 16 h. 
The product was precipitated by treatment with dilute acetic acid. Phenethylthiourea (1.0 g, 
5.6 mmol) afforded the product (1 .3 g, 95 %) as a white solid. 

25 'H NMR (DMSO-dg): 5 1 1 .8 (br s, IH), 7.37 (d, 2H, J 7.1 Hz), 7.31 (t, 2H, / 7.4 Hz), 7.22 
(t, 1H,77.2 Hz), 7.08 (br s, 2H), 4.88 (s, 2H), 4.52 (br s, IH), 3.32 (br s, IH), 2.92 (t, 2H, 
/ 8.3 Hz). 

MS (£8)*"/^ 248 (M+l). 



30 b^ 6-Am inn-^-nitros o-1 -phenethvl-2-thioxo-2.3 -dihvdro-lH-pvrimidin-4-oae 
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The title compound was prepared according to the general method of Example 14 (b) 
except increasing the reaction time to 1 .5 h. 6-Amino-l-phenethyl-2-thioxo-2,3-dihydro- 
lH-pyrimidin-4-one (1.3 g, 5.3 mmol) afforded the desired product (1.3 g, 92 %). 

'HNMR(DMS0-d6): 5 13.5 (brs, IH), 12.8 (br s, IH), 9.34 (br s, IH), 7.37-7.28 (m, 4H), 
7.25-7.20 (m, IH), 4.55 (br s, 2H), 2.90 (t, 2H, J 8.4 Hz). 

5.6-r>iaTniTin- 1 -phenetfavl-2-thioxo-2.3-dih vdro- lH-pvrimidin-4-one 
The title compound was prepared in accordance with the gpneral method of Example 14 (c) 
except that the reaction was kept at 75 "C for 15 minutes followed by 1 h and 20 minutes at 
ambient temperature and neutralization of the reaction mixture was made with dilute acetic 
acid. Using 6-anuno-5-mtroso-l-phenethyl-2-thioxo-2,3-dihydro-lH-pyriniidin-4-one 
(1.3 g, 4.8 mmol) the desired product (1.1 g, 88 %) was isolated. 

^H NMR (DMSO-de): 6 10.1 (br s, 2H), 7.46-7.16 (m, 5H), 6.25 (s, 2H), 4.56 (br s, 2H), 
2.94 (t,2H, 78.3 Hz). 
MS (ES) "/fe 263 (M+1). 

d^ 3-Phenethvl-2-thioxanthine 

The title compound was prepared in accordance with the general method of Example 18 
(d) with the exception that for the final neutralization IM hydrochloric acid was utilized. 
Using 5,6-diainino-l-phenethyl-2-thioxo-2,3-dihydro-lH-pyrimidin-4-one (0.55 g, 
2.1 mmol) yielded the desired product (0.39 g, 34 %). 

'HNMR (DMSO-dg): 5 7.53 (s, IH), 7.32 (d, 4H, 7 4.5 Hz), 7.22 (m, IH), 4.63 (m, 2H), 
3.01 (m, 2H), 1.88brs,2H). 

'3CNMR(DMSO-d6): 6 170.56, 155.20, 150.51, 146.41, 138.54, 128.58, 128.46, 126.34, 
117.49, 48.82, 32.59. 
MS (ES) "^h 273 (M+1). 
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Example 21 

Knantiomers nf ^-f 2-Tetrahy rirnfurvl-methvlV2-fliioxaiithine 

A solution of racemic 3-(2-tetrahydrofuryl-me1iiyl)-2-thioxaiithine (3 mg/mL) was 
separated by chiral HPLC on a Chiralpak AD-RH colunm (4.6 x 150 mm; 5\i.m). Tho 
mobUe phase was methanol: acetic acid: triethylamine (100: 0.1: 0.1) and the flow rate 1 
mL/min. The injection volume was 20|jL. 
Enantiomer 1 

e.e. 93.6%; MS (ES) '"/fe 253 (M+1). 
Enantiomer 2 

e.e. 97.3%; MS (ES) ""/z 253 (M+1). 

Fxample 22 



3-n-Butvl-2-tiiioxanthine 

The title compound was prepared using the procedure described for Example 6. 

'HNMRpMSO-de): 8 13.82 (s, IH), 12.40 (s, IH), 8.15 (s, IH). 4.45 (m, 2H), 1.73 (m, 
2H), 1.34 (sextet, 2H,^7.5), 0.92 (t, 3H, J=7.5). 

"CNMRpMSO-d6):5 173.31, 152.62, 149.30. 141.47, 110.84,47.37,28.61. 19.48, 
13.72. 

MS(ES)'"/z225(M+l). 
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Screens 



Methods for liie determination of MPO inhibitory activity are disclosed in co-pending patent 
appUcation WO 02/090575. The phaimacological activity of compounds according to the 
invention was tested in the following so-een: 

Assay buffer: 20 mM sodium/potassium phosphate buffer pH 6.5 containing 10 mM 
taurine and 100 mM NaCl. 

Developing reagent: 2 mM 3,3',5,5'-tetramethylbenzidine (TMB). 200 pM KI, 200 mM 
acetate buffer pH 5.4 with 20 % DMF. 

To 10 Kd of diluted compounds in assay buffer, 40 yi of human MPO (final concentration 
2.5 nM) was added for 10 minutes at room temperature. Then 50 \lI of H2O2 (final 
concentration 100 pM), or assay buffer alone as a control, were added for 10 minutes at 
room temperature. The reaction was stopped by adding 10 nl 0.2 mg/ml of catalase (final 
concentration 18 ^ig/ml) for 5 minutes before 100 nJ of TMB developing reagent was 
added (2 mM TMB in 200 mM acetate buffer pH 5.4 containing 20% dimethylformamide 
(DMF) and 200 pM KT). Plates were mixed and the amount of oxidised 
3,3',5,5'-tetramethylbenzidine formed was then measured after about 5 minutes using 
absorbance spectroscopy at about 650 nM. IC50 values were then detemiined using 
standard procedures. 

When tested in the above screen, the compounds of Examples 1 to 22 gave IC50 values of 
less than 60 |iM, indicating that they are expected to show usefiil therapeutic activity. 
Representative results are shown in the following Table: 
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Compound 


Inhibition of MPO (IC50 M-M) 


Example 6 


0.87 


Example 10 


0.53 


Example 14 


0.51 


Example IS 


0.44 


Example 16 


2.94 


Example 17 


7.57 


Example 18 


0.49 


Example 20 


0.96 



